Abstract: Highly rapid and efficient synthesis of Bis(indolyl)methanes has been developed by using a mixture of phosphorus pentoxide in Methanesulfonic acid (Eaton's reagent) at ambient temperature under solvent free condition.
Introduction
It is an ultimate dream of organic chemist's to perform reactions under solvent free conditions for providing green approach towards organic synthesis. In recent years emphasis is given on the development of environmentally benign procedures and reagents in organic chemistry. With the current global awareness in developing environmentally friendly technologies it was decided to carry out reactions in neat and non-hazardous conditions. This communication describes our efforts towards this. Eaton's reagent (1:10 phosphorus pentoxide in Methanesulfonic acid) is an inexpensive and commercially available substance synthesized by Philip E. Eaton in 1973, can be used to overcome the disadvantages of polyphosphoric acid as a catalyst for dehydration reactions, because it has a much lower viscosity, it is easier to handle and no complex separation procedures need to be employed. Combination of phosphorus pentoxide and Methanesulfonic acid (P 2 O 5 /MeSO 3 H) can also be employed as catalyst for Fisher-Indole synthesis, Beckmann rearrangement and Schmidt rearrangement processes 1 . Many processes that employ a mixture of P 2 O 5 /MeSO 3 H are not only more economical, they are also more environmentally friendly and offers a number of distinct advantages such as safe in industrial scale, low environmental impact, easy work-up procedures, rapid reactions and high purity products with excellent yields. Indole is one of the privileged molecules of organic chemistry as several of its derivatives are valuable pharmaceuticals 3 . During the past few years a large number of natural products containing Bis(indolyl)methane 4 and Bis(indolyl)ethane 5 moieties have been isolated from marine sources. Bis(indolyl)methanes are cruciferous substances useful for promoting beneficial estrogen metabolism in men and women 6 . They are also effective in the prevention of cancer due to their ability to modulate certain cancer causing estrogen metabolism 7 . Moreover these compounds may normalize abnormal cell growth associated with cervical dysplasia 8 . The most ubiquitous of the known bioactive alkaloids are based on the indole moiety 9 . Vibrindole A has been demonstrated for the first time to exhibit antibacterial activity against S. aureus, S. albus and B. subtills. Gentamycin is in use as a standard antibacterial drug 10 .
A variety of synthetic methodologies using acid catalysts, such as protic acids [11], Lewis acids 12,13 , heterogeneous acid catalysts 14, 15 , ionic liquids 16, 17 , P 2 O 5 /SiO 2 18 have been developed for the preparation of Bis(indolyl)methanes, but many of these reported protocols suffered from usage of expensive reagents, prolonged reaction time, hazardous solvents, tedious workup methods and give unsatisfactory yields. In view of this it was decided to use Eaton's reagent under solvent free conditions at room temperature using simple work-up procedure for the synthesis Bis(indolyl)methane (Scheme 1). Scheme 1. Synthesis of Bis(indolyl)methanes using Eaton's reagent.
Experimental
All melting points were recorded in open capillaries and are uncorrected, compared with reported values. The compounds were purified by column chromatography and the purity was checked by TLC on silica gel G (Merck).
1 H NMR spectra were recorded in CDCl 3 using TMS as the internal standard on Varian 300 MHz instrument. IR spectra were obtained using Nujol on a Perkin-Elmer-1710 spectrophotometer. Mass spectra were recorded on a Thermo Finnigan (Model-LCQ Advantage MAX) mass spectrometer. General procedure for the synthesis of Bis(indolyl)methanes:-Eaton's reagent (1.0 mmol) was added to a mixture of Indole (2.0 mmol) and aldehyde (1.0 mmol) in a round bottom flask and stirred vigorously at room temperature for appropriate time (mentioned in Table 1 ). After completion of the reaction (monitored by TLC), the reaction mass was transferred to an excess saturated sodium carbonate solution. The solid product separated out, was filtered, washed with sufficient water and dried. The crude products were recrystalized from ethanol-water (1:1) or column chromatographed on silica gel using ethyl acetate / hexane as eluent to afford substituted Bis(indolyl)methanes in 78-93% yield (Scheme 1). 
Result and Discussion
Herein, we report an efficient protocol for the rapid synthesis of a variety of biologically important Bis(indolyl)methanes using Eaton's reagent under extremely mild conditions. Eaton's reagent is colorless, odorless liquid mixture of non oxidizing Methanesulfonic acid and a powerful dehydrating agent phosphorus pentoxide. The addition of phosphorus pentoxide increases the solubility of organic compounds in Methanesulfonic acid; this was introduced by Eaton and has been used enormously in organic synthesis. In a typical experimental procedure, 1.0 mmol of aldehyde, 2.0 mmol of Indole and 1.0 mmol of Eaton's reagent were stirred for 2-5 min at room temperature, (monitored by TLC). After completion of the reaction, using simple work-up offered Bis(indolyl)methanes in high yields. The products are purified by recrystalization from aqueous ethanol or purified by column chromatography using hexane-ethyl acetate as eluent. In order to standardize the reaction conditions for the condensation reaction it was decided to synthesize Bis(indolyl)methanes (3a) from indole and benzaldehyde using Eaton's reagent (Table 1) . The results are compared with the reported methods and it is clear from Table 1 , that the present method is more efficient. The reaction was carried out by changing the amount of the Eaton's reagent (Benzaldehyde used as model). By using 0.5 mmol of Eaton's reagent it gives 88 % of yield, 1.0 mmol gives 93% yield ( Table 2 , Entry 2) and 1.5 mmol also provides 93 % yield, further increasing amount of Eaton's reagent did not affect the yield and reaction time. Therefore it was found that the 1.0 mmol of reagent was sufficient to push the reaction into completion with high to excellent yield (Table 2) . To explore the scope of this reaction, we extended the procedure for the synthesis of variety of Bis(indolyl)methanes using various aromatic aldehydes possessing either electronreleasing or electron-withdrawing substituent's in the ortho, meta and para positions (results summarized in Table 3 ). It is observed that the reaction proceeds very efficiently with all the aldehydes, substituents on the aromatic ring effect the conversion rate, aldehydes having electron-withdrawing groups on the aromatic ring (Table 3 ,Entries 2-6, 8-10) react faster than electron-donating groups (Table 3 , Entries 7, 11, [13] [14] [15] [16] [17] . Important features of this procedure are that it is carried out under mild conditions; works well with all aldehydes having functional groups (methyl, methoxy, nitro and halides) and provides the final products in high yields.
Conclusion
In summary, the present methodology offers very attractive features such as shorter reaction times, simple operations with extremely milder conditions, green aspects avoiding hazardous organic solvents, toxic catalyst and waste, good to excellent yields with the help of an inexpensive and commercially available Eaton's reagent as a powerful substance for the synthesis of Bis(indolyl)methanes at ambient temperature.
